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Comprehensive analysis of gene mutation and expression profiles in neuro-
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ABSTRACT

The gene mutation and expression profiles of gastric neuroendocrine carcinoma (NEC) have not
been comprehensively determined. Here, we examined the gene mutation and expression profiles
of NEC using whole exome sequencing (WES) and microarray analysis. Six patients with gastric
NEC and 13 with gastric adenocarcinoma (GAD) were included in this study. Single nucleotide
variants were compared and multivariate statistical investigation with orthogonal partial least
squares discriminant analysis (OPLS-DA) was performed to compare the difference in expression
profiles between NEC and GAD. NEC showed a significantly higher mutation rate than GAD and
the percentage difference in the mutation pattern of NEC compared with GAD was 92.8%. OPLS-
DA clearly discriminated between NEC and GAD. We identified 35 genes, including CPLX2
(Complexin 2), which were expressed more strongly in NEC than in GAD, of which 14 were neu-
ral-related. Immunohistochemical analysis showed the strong expression of CPLX2 in all NECs,
versus expression in only 2 of 13 GADs. Gastric NEC had a specific mutation pattern with a sig-
nificantly higher gene mutation rate than GAD, and completely differed from GAD on the basis of

gene expression profile. CPLX2 might be a potential novel biomarker for the diagnosis of NEC.

Neuroendocrine carcinoma (NEC) of the stomach is
a rare disease, accounting for only 0.4% to 0.6% of
all gastric cancers. Although NEC is categorized as
a neuroendocrine neoplasm, it is clearly differentiat-
ed from other neuroendocrine tumors by its highly
malignant biological behavior (24). In addition, gas-
tric NEC is considered to have a poorer prognosis
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than gastric adenocarcinoma (GAD), with a high in-
cidence of metastasis to the lymph nodes or liver in
the early stages of the disease (12, 16). However, as
gastric NEC is morphologically similar to poorly
differentiated adenocarcinoma with a predominantly
solid growth pattern (12), it is difficult to distinguish
using hematoxylin and eosin staining only. Although
immunohistochemistry for neuroendocrine markers
such as chromogranin A (CGA), synaptophysin (SYP)
and neural cell adhesion molecule (NCAM) is wide-
ly used for diagnosis (5, 24), these markers are not
expressed in all cases of gastric NEC, which some-
times hinders diagnosis.

Gastric cancer is a heterogeneous disease and the
presence of a specific oncogene or tumor suppressor
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gene mutation is rare. TP53 is the most frequently
mutated gene, occurring in 29-55% of gastric cancers
(2, 3, 8), followed by PTEN, ARIDI, APC, CDHI,
MUC6, CTNNA2, CLI3, RNF43, and RHOA (28,
29). Meanwhile, there are distinct tumors which
show hypermutation, mainly caused by deficient
DNA mismatch repair genes, which are found in
13—-14% of gastric cancers (22). Recently, two novel
molecular profiling-based classifications for gastric
cancer have been proposed (1, 4). These studies
identified key driver genes that were enriched in a
specific molecular subgroup. However, because gas-
tric NEC is so rare, few studies have reported the
genetic features of these tumors.

Here, to identify novel, clinically useful biomark-
ers for the diagnosis of gastric NEC, we performed
comprehensive gene mutation and expression analy-
ses of gastric NEC.

MATERIALS AND METHODS

Subjects. Surgically resected tumor specimens and
corresponding peripheral blood samples were ob-
tained from 104 consecutive patients who underwent
gastrectomy at the Division of Gastric Surgery of
Shizuoka Cancer Center between January 2014 and
March 2015 and had enrolled in Project HOPE
(High-tech Omics-based Patient Evaluation), a study
launched at Shizuoka Cancer Center with the aim of
evaluating the biological characteristics of cancer
and diathesis of each patient by multiomics-based
analyses (31). All pathological slides of specimens
from those patients were reviewed, and seven pa-
tients whose resected samples were proven to con-
tain NEC cells without adenocarcinoma cells were
selected. Fifteen patients with GAD were randomly
selected as the control. Previous reports indicated
that tumors with microsatellite instability (MSI) are
distinct biological entities (1, 29) and that the pres-
ence of MSI may significantly affect gene mutation
analysis. On the basis of one of these studies (1),
we considered that MSI was present when tumors
had more than 500 mutations per tumor and low
MLHI1 (MutL homolog 1) expression, and excluded
these cases from analysis. One NEC and two GADs
matched the criteria, leaving a total of 19 patients (6
with NEC and 13 with GAD) for inclusion in this
study. Clinical and pathological data were collected
from our prospectively recorded database. The Japa-
nese Gastric Cancer Association classification sys-
tem was used to classify the macroscopic tumor type,
histological tumor type, tumor depth (T), lymph node
status (N), distant metastasis (M) and pathological
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stage (13).

The research plan was designed according to the
revised Ethical Guidelines for Human Genome/Gene
Analysis Research in Japan (http://www.lifescience.
mext.go.jp/files/pdf/n1115_01.pdf) and the study
protocol was approved by the Institutional Review
Board of Shizuoka Cancer Center (approval number
#25-33). Written informed consent was obtained
from all participants.

Clinical samples. We acquired blood samples from
patients and paired them with the corresponding re-
sected, flash-frozen tissue samples from the HOPE
study. DNA was extracted from blood and tissues
by the same method using a QIAamp DNA Blood
Kit (QIAGEN, Hilden, Germany), except that tis-
sues were treated with Proteinase K (QIAGEN) (21).
A board-certified pathologist determined that tumor
purity was > 50%. DNA was quantified using Nano-
drop (Thermo Fisher Scientific, Waltham, MA,
USA) and Qubit 2.0 Fluorometer (Thermo Fisher
Scientific).

Next-generation sequencing. The exome library used
for WES was prepared using an lon Torrent Am-
pliSeq RDY Exome Kit (Thermo Fisher Scientific)
in accordance with the manufacturer’s recommended
protocol. A total of 100 ng of DNA was used for
target amplification under the following conditions:
99°C for 2 min, followed by 10 cycles at 95°C for
15 s and 60°C for 16 min, and a final hold at 10°C.
Incorporated primer sequences were partially digest-
ed using a proprietary method. Ion Torrent Proton
adapters were ligated to the amplicons at 22°C for
30 min followed by 72°C for 10 min, and the library
was purified with Agencourt Ampure XT beads
(Thermo Fisher Scientific). Libraries were quantified
using a quantitative polymerase chain reaction
(gPCR), and DNA (8 pM) was sequenced using the
semiconductor DNA sequencer (lon Torrent Proton
Sequencer, Thermo Fisher Scientific) according to
the manufacturer’s protocol. Matched tumor—normal
pair somatic variants were identified using lon Re-
porter ver. 4.4 software (Thermo Fisher Scientific)
(11) after base calling, quality trimming, and map-
ping to the hgl9/GRCh37 reference genome using
Torrent Suite software ver. 4.4 (Thermo Fisher Sci-
entific) (26). In this step, sequence data derived from
tumor and blood samples were analyzed separately,
and the latter were used as matched controls. In this
process, only somatic variants remain after the sub-
traction of variants from blood data from the vari-
ants acquired from tumor data. In this variant-call
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workflow, we identified somatic mutations that satis-
fied the thresholds quality score > 60 or depth of
coverage > 20. Somatic variants were manually in-
spected using the Integrative Genomics Viewer (19).
Annotation of detected SNVs was performed using
databases that included germline and somatic vari-
ants, as follows: COSMIC (15), ClinVar (17), dbSNP
(23), UniProt (27) and DrugBank (30). In the pres-
ent study, we focused our analyses on nonsynony-
mous single nucleotide variants (SNVs) located in
an exon or splice site.

Comprehensive gene expression analysis using DNA
microarray. Fresh tumor and adjacent normal tissues
were soaked in RNAlater reagent (Thermo Fisher
Scientific), and total RNA was isolated and purified
using a miRNeasy Mini Kit (QIAGEN) according to
the manufacturer’s protocol. RNA quality was eval-
uated by RNA integrity number, which was deter-
mined using an Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA). RNA samples with
an RNA integrity number > 6.0 were used for gene
expression analysis.

Gene expression analysis was performed on a
SurePrint G3 Human Gene Expression 8x60K v2
Microarray (Agilent Technologies) using a One-col-
or Low Input Quick Amp Labeling kit (Agilent
Technologies) according to the manufacturer’s in-
structions. Data processing to generate raw signal
intensity data was performed with GeneSpring ver-
sion 13.1.1 software (Agilent Technologies). The
raw signals were log-transformed and normalized
(GeneSpring software, Agilent Technologies) and
the difference in the normalized microarray signal
intensities (fold change) between the tumor and ad-
jacent normal tissues were calculated.

Immunohistochemical analysis. Routine pathological
diagnosis was done using surgically resected tumors
fixed in 10% formalin and embedded in paraffin.
Paraffin sections of 3 um thickness containing repre-
sentative histology of the tumor were used for im-
munohistochemical analysis. Immunohistochemical
staining was performed using the Bond III automat-
ed stainer and BOND Polymer Refine Detection kit
(Leica Biosystems, Bannockburn, IL). The sections
were pretreated with epitope retrieval BONDI1 for
20 min at 100°C and then reacted with the primary
antibodies. After reaction with diaminobenzidine
chromogen, the sections were counterstained with
hematoxylin, and the stained sections were inde-
pendently evaluated by two investigators (R.M. and
T.N.). The staining for all the antibodies were clas-
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sified into two categories according to the percent-
age of positive cells: staining in > 10% of tumor
cells was regarded as positive, and in < 10% of cells
as negative.

To confirm the neuroendocrine features of the tu-
mor, the expression of CGA, SYP and NCAM was
studied using immunohistochemical methods that
were applied in routine pathological diagnosis.

Statistical analysis. Statistical analyses were per-
formed using Fisher’s exact test and the Mann—Whit-
ney U test, using R statistics version 3.2.2. Statistical
significance was defined as P < 0.05.

To compare the difference in expression profile
between NEC and GAD, multivariate statistical in-
vestigation with orthogonal partial least squares dis-
criminant analysis (OPLS-DA) was performed with
the help of SIMCA-P+ software (v 12.0.1.0; Umet-
rics, Umea, Sweden) using microarray data. The qual-
ity of the OPLS-DA model was evaluated by the
explained parameter (R’) and the predictive parame-
ter (Q°). Values of 0.5 indicated an acceptable OPLS-
DA model (6). S-plot p (corr) values > 0.8 or <—0.8
resulting from OPLS-DA were considered to have
strongly contributed to the differences between the
two histological types.

RESULTS

Patient characteristics

Patient characteristics are shown in the Table 1. There
were no significant differences in patient character-
istics between the NEC and GAD groups, including
T, N and M staging.

Gene mutation profiling

Gene mutation profiling of NEC and GAD is shown
in Fig. 1. A total of 588 nonsynonymous somatic
mutations affecting 557 genes were identified in the
six NECs. There was an average of 98.0 + 32.7 so-
matic mutations (synonymous and nonsynonymous)
per NEC tumor, which was significantly higher than
the average 62.5 + 75.7 mutations per tumor in GAD
(P=10.023). The most frequently mutated gene was
TP53 (100%) in NEC, whereas this was observed in
only 6 of 13 GADs (46%) cases. The TP53 mutation
rate was significantly higher in NEC than in GAD
(P =10.044).

Of the 557 genes mutated in NEC, 40 genes (7.2%)
were mutated in both NEC and GAD, while 517
genes (92.8%) were mutated only in NEC. These
517 genes mutated only in NEC included many neu-
ral-related genes, such as TSHZ3 (Teashirt Zinc Fin-
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Table 1

Patient characteristics
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ger Homeobox 3), SEMASA (Semaphorin 5A), TPH2

NEC GAD (Tryptophan Hydroxylase 2), SDK1 (Sidekick Cell
(n=06) (n=13) Adhesion Molecule 1), and PLXNAI1 (Plexin Al).
Sex Male 4 8 We identified 20 genes that were mutated in two
Female 2 5 NECs, of which 4 were cancer-associated genes,
Age (years) (Median) 67 72 namely SYNE1 (Spectrin Repeat Containing Nucle-
Tumor diameter (mm) (Median) 50 70 ar Envelope Protein 1), TSHZ3, LRP1B (LDL Re-
Macroscopic type Type 1 1 2 ceptor Related Protein 1B), and MECOM (MDSI
Type 2 5 4 And EVI1 Complex Locus). The SYNEI gene mu-
Type 3 0 7 tation was also observed in GAD, but other muta-
Type 4 0 0 tions were observed only in NEC. A total of 536
Tumor depth T1 1 0 genes, including SMAD4 (SMAD Family Member
™ | 4 4), PIK3CA (Phosphatidylinositol-4,5-Bisphosphate
™ 5 3 3-Kinase Catalytic Subunit Alpha), RB1 (Retino-
T4 5 6 blastoma 1) and KRAS (Kirsten Rat Sarcoma Viral
Lymph node status NO ) 4 Oncogene Homolog), were mutated in only 1 NEC
tumor.
N1 2 3
N2 1 0 . .
Comparison of expression profile between NEC and
, . N3 : 6 GAD with multivariate statistical investigation
Distant metastasis MO > 12 Subsequent gene expression analysis using DNA mi-
Ml ! ! croarray was performed, and OPLS-DA was per-
Stage I ! 1 formed to examine the difference in gene expression
I 3 5 profiles between gastric NEC and GAD.
1 1 6 The OPLS-DA score plot is shown in Fig. 2A. A
v 1 1 clear distinction between NEC and GAD was seen.
NEC - : GAD GAD
Gene NI Nz N3 Na N5 N6 e AT Az Az A4 A5 A6 A7 A8 A9 A0 ALl AlZ A3 total %
TP53 6 6 12
TPH2 2 0 2
TSHZ3 2 0 2
SYNEL 2 2 4
VGLL3 2 0 2
SEMASA 2 0 2
SDK1 2 0 2
NTM 2 0 2
PLXNAL 2 0 2
NUAK1 2 0 2
LRP1B 2 0 2
FILIP1 2 0 2
MAGI2 2 0 2
FLG 2 0 2
MECOM 2 0 2
DIO2 2 0 2
CNTNAPS 2 0 2
CNR1 2 0 2
CSMD1 2 0 2
ATL1 2 0 2
BCAT1 2 0 2

Fig.1 Profiling of gene mutations in gastric neuroendocrine carcinoma (NEC) and adenocarcinoma (GAD). The vertical
axis shows the name of the mutated genes, and the horizontal axis shows the patients. Mutated genes in at least two pa-
tients with NEC are shown.
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The explained parameter R* and the predictive abili-
ty Q° were 0.996 and 0.580, respectively, indicating
the reliability of the OPLS-DA model. The OPLS-
DA loading S-plot, a plot of covariance versus cor-
relation in conjunction with the variable trend plots,
allows for easier identification of significant genes
that contribute to the differences between NEC and
GAD (Fig. 2B). As a result, 44 genes with p (corr)
> (0.8 or <—0.8 were selected, and were considered
to have strongly contributed to the differences be-
tween NEC and GAD (Supplemental figure).

Among these 44 genes, information on 35 genes
with p (corr) > 0.8 that were expressed more strong-
ly in NEC than in GAD is shown in Table 2. Of
these 35 genes, 14 genes (40%), including MYT1
(Myelin Transcription Factor 1), CPLX2 (Complexin
2), SLC36A4 (Solute Carrier Family 36 Member 4),
HIP1 (Huntingtin Interacting Protein 1), SYP and
PROX1 (Prospero Homeobox 1), were related to
neurogenesis or were expressed in neurons. Infor-
mation on nine genes with p (corr) <—0.8 that were
expressed more strongly in GAD than in NEC is
shown in the Table 3.

Immunohistochemical analysis

We next performed immunohistochemical analyses
to confirm the protein expression of these genes in
NEC and GAD. Among the 35 genes with p (corr)
>0.8, 5 genes (MYT1, CPLX2, SLC36A4, HIPI,
and PROX1) that are reportedly related to the ner-
vous system were selected.
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The results of immunohistochemical analysis are
shown in Table 4. CPLX2 was strongly expressed in
the cytoplasm in all NECs, but was positive in only
2 of 13 GADs. Immunohistochemical analysis of
expression of CPLX2 and common neuroendocrine
markers (CGA, SYP and NCAM) in NEC are shown
in Fig. 3. SLC36A4 was positive in 5 cases (83%)
of NEC and 11 cases of GAD (84%). HIP1 was
positive in all NECs and GADs. MYT1 and PROX1
were not expressed in either NEC or GAD.

The results of immunohistochemical analysis of
other neuroendocrine markers in NEC were as fol-
lows: CGA was positive in 4 cases (67%), SYP was
positive in all 6 cases, and NCAM was positive in 5
cases (83%).

DISCUSSION

This comprehensive molecular analysis of gastric
NEC produced two important findings. First, we
examined the gene mutation profile in gastric NEC
using next generation sequencing (NGS) and demon-
strated that the somatic mutation rate was signifi-
cantly higher in NEC than in GAD. In particular,
TP53 mutation was more frequently observed in
NEC than in GAD, and genes related to the nervous
system were frequently mutated in NEC. Second, we
showed that gastric NEC and GAD were completely
different tumors based on gene expression profiling
and that 40% of the genes expressed strongly in
NEC were related to the nervous system. In addition,
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\ 4a IFI -0.4
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-100 L . .
@ p(corr) <-0.8
-150 -1.2
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Fig.2 Results of multivariate statistical investigation by orthogonal partial least squares discriminant analysis (OPLS-DA).
A: The OPLS-DA score plot shows two significant components corresponding to NEC and GAD. B: Identification of genes
contributing to the difference between both histological types based on the s-plot values resulting from OPLS-DA. A total of

44 genes (listed in Fig. 3) indicated by red and blue spheres

with p (corr) >0.8 or p (corr) <-0.8 were selected and con-

sidered to have strongly contributed to the differences between NEC and GAD.
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Table 2 Information on 35 genes showing p (corr) value Table 3 Information on nine genes showing p (corr) value
>0.8 <-0.8
Average conceptration OPSL-DA Average conce.ntration OPSL-DA
(Log, ratio) (Log, ratio)
Gene symbol SPlot p Gene symbol S-plot p
NEC GAD NEC GAD
(corr) value (corr) value

MYTI1 5.52 0 0.98 HOXAI13 0.36 5.75 —0.81
CHRNB2 5.87 0.1 0.96 CEBPA —2.45 0.8 —0.82
ZNF775 2.41 0.08 0.94 MPPE1 -1.13 0.09 —0.82
DRD2 6.02 0.27 0.94 ACSM3 —4.94 —0.62 -0.3
AP3B2 4.68 0.23 0.92 KCTDI1 -2.33 0.3 -0.83
CPLX2 431 0 0.92 ST6GALNACI —8.46 —1.48 —0.84
LOC284669 2.84 0.26 0.9 MOB3B —2.82 —0.28 —0.84
KCNH6 438 0 0.9 NFIB -1.82 -0.02 —-0.85
VWAS5B2 2.92 -2.03 0.89 TMEM37 =3.12 —0.32 —0.88
STRAG6 2.92 0.32 0.89
BUB3 2.92 0 0.88
GOLGA7B 2.92 0.51 0.87 Table 4 Antibodies used
RUNDC3A 2.92 0.32 0.87 Antibody NEC GAD
TMEM198 2.92 0.06 0.87 MYTI 0 (0%) 0 (0%)
SMC3 2.92 0 0.87 CPLX2 6 (100%) 2 (15%)
BSN 2.92 0.08 0.87 SLC36A4 5 (83%) 11 (85%)
SLC36A4 2.92 0.19 0.87 HIP1 6 (100%) 13 (100%)
NOL4L 2.92 0 0.86 PROX]1 0 (0%) 0 (0%)
LOC100128563 2.92 0.08 0.86
AMER3 2.92 0 0.84
Exocy 292 0.24 084 TP53 genetic alteration in gastric mixed adenoneu-
CAMK2N2 2.92 -0.12 0.84 . . .

roendocrine carcinoma (MANEC). Scardoni et al.
SMYD3 2.92 -0.04 0.84 . . o
TMEM178B 200 017 0.84 (20) obse.rved TP53 gene muFatlon in 91.7% of neu-
HIP1 292 0 0.83 roendocrine and adegocarglnoma co.mpon.ents in
SRRM3 290 037 0.83 MANEC of the gastrointestinal tract, including two
SYP 202 0 083 gastric MANECs, while Nishikura ef al. (18) ob-
ITPR2 292 0 0.83 served TP53 gene mutation in 8/15 (53.3%) patients
SBK1 2.92 0.08 0.83 with gastric MANEC.
CDKALI1 292 0 0.82 We identified 557 nonsynonymous gene muta-
SCNSA 2.92 0.11 0.81 tions, including those of 92 cancer-associated genes,
PROX1 2.92 0.57 0.8 in NEC in this study. Because of the rarity of gas-
0OVO0S2 2.92 0.56 0.8 tric NEC, few studies have investigated the genetic
TEX101 2.92 0 0.8 alterations in this tumor. Scardoni et al. (20) report-
EVAIA 2.92 0.59 0.8 ed somatic mutations of ERBB1, ATM and RB1 in

the results suggest that CPLX2 is a potential novel
biomarker for the immunohistochemical diagnosis of
gastric NEC. This is the first report to comprehen-
sively evaluated gene mutations and mRNA expres-
sion in gastric NEC.

First, we demonstrated that the average somatic
mutation rate was significantly higher in NEC than
in GAD. The most frequently mutated gene in NEC
was TP53 (100%), which was more frequently mu-
tated in NEC than in GAD (P =0.044). Although
there is a lack of information on TP53 gene muta-
tion in gastric NEC, a few studies have investigated

the neuroendocrine component of the stomach, but
investigated only 54 cancer-associated genes. In the
present study, we investigated more than 800 can-
cer-associated genes, and consider that our results
provide greater detail. Interestingly, the majority of
genes (517/557, 92.8%) mutated in NEC were not
mutated in GAD, and included many neural-related
genes, such as TSHZ3 and SEMASA. These findings
endorse the notion that NEC is a genetically differ-
ent tumor from GAD. These mutations may be as-
sociated with the tumorigenesis and development of
gastric NEC, and further study will be worthwhile.
NEC is morphologically similar to poorly differ-
entiated adenocarcinoma with a predominantly solid
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Fig. 3

(A) Hematoxylin and eosin staining of gastric NEC. (B) Immunohistochemical analysis of CPLX2 in gastric NEC,

which showed strong expression in the cytoplasm. (C) Immunohistochemical analysis of CGA expression. (D) Immunohisto-
chemical analysis of SYP. (E) Immunohistochemical analysis of NCAM. CPLX2: complexin-2; CGA: chromogranin A; SYP:

synaptophysin; NCAM: neural cell adhesion molecule

growth pattern (12). This similarity hinders their dif-
ferentiation in the absence of immunohistochemistry
to identify neuroendocrine markers. Based on gene
expression profiling using OPLS-DA analysis, how-
ever, we show here that gastric NEC and GAD are
completely different tumors. The frequent inclusion
of adenocarcinoma components in gastric NECs is
well known. The latest WHO classification for neu-
roendocrine neoplasms distinguishes NEC from
MANEC based on the proportion of NEC and ade-
nocarcinoma components: a tumor with an NEC

component of more than 70% is defined as NEC
while a tumor with an NEC component of 30-70%
is defined as MANEC (24). Previous studies have
reported that both NEC and adenocarcinoma compo-
nents of gastric MANEC have a common genetic
aberration; thus, both components are considered to
have a common origin (7, 18). In the present study,
we found several gene mutations that were present
in both NEC and GAD, although these tumors were
obviously different on the basis of gene expression
profile. These findings suggest that although the gene
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mutation profiles of NEC, MANEC and AD share
some similarities, changes in their gene expression
profiles occur during the differentiation process.

In the gene expression analysis, we demonstrated
that 35 genes were expressed at a significantly high-
er level in NEC than in GAD. The fact that 14 of
these 35 genes were neural-related to some extent
supports the concept that NEC has characteristics of
neural tissue. Among the 35 genes, we chose 5 that
have been reported to be related to cancer or devel-
opment of the nervous system for immunohisto-
chemistry. Of these 5, CPLX2 was expressed in all
gastric NECs but in only 2 of 13 (15%) GAD:s,
whereas the other 4 genes showed no difference be-
tween the tumors. CPLX2, a member of the complex-
in/synaphin family, is a soluble pre-synaptic protein
believed to be involved in synaptogenesis and the
regulation of neurotransmitter release from pre-syn-
aptic terminals in the mature brain (9, 25). Previous
studies have reported that CPLX2 plays a key role
in maintaining normal neurological function, while
its downregulation changes the neurotransmitter re-
lease that is sufficient to cause significant behavioral
abnormalities, such as depression (10). Komatsu et
al. (14) reported that CPLX2 was strongly positive
in 16.3% of large cell neuroendocrine carcinomas of
the lung and small cell carcinomas of the lung, but
completely negative in all adjacent non-cancerous
tissues and in non-small cell lung carcinomas. They
also demonstrated that positive CPLX2 expression
was associated with lymph vessel invasion (P =
0.016), pathological stage (P =0.031) and poor dis-
ease-specific survival (P =0.004) in these patients.

Although CGA, SYP, and NCAM are the main
neuroendocrine makers for detecting neuroendocrine
differentiation, these neuroendocrine markers are not
expressed in all gastric NEC. Ishida et al. (12) re-
ported positive rates of CGA, SYP, and NCAM of
86%, 94%, and 64%, respectively. Although our
sample size was small, CPLX2 was overexpressed
in all NECs, which suggests that CPLX2 might be a
novel biomarker for the diagnosis of gastric NEC.

The present study included only six NECs, which
might not be sufficient to provide a comprehensive
view of the gene mutation and expression profiles of
NEC. Nevertheless, no comprehensive genomic anal-
ysis of NEC yet exists, and our present findings may
remain the only available information until a larger
study is reported. Because we did not perform a
pathway analysis, the relationships between the
genes expressed in NEC are not clear.

In conclusion, we demonstrated that gastric NEC
had a specific mutation pattern with a significantly
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higher gene mutation rate than GAD, and complete-
ly differed from GAD on the basis of gene expres-
sion profile. In addition, CPLX2 was exclusively
expressed in NEC, as demonstrated by immunohis-
tochemistry, and might be a potential novel bio-
marker for the diagnosis of NEC.
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Supplemental Figure Expression profile of 44 genes that contributed to the difference between NEC and GAD.



